serine hydroxymethyltransferase [L-serine : tetrahydrofolate 5,10-hydroxymethyltransferase, EC 2.1.2.1] from Euglena gracilis z was purified by precipitation with ammoniumsulfate followed by column chromatography on DEAE-cellulose, and by affinity chromatography on an L-adsorbent. Through this procedure the cytosolic enzyme (s-SHMT) was purified 420-fold with a yield of more than 26.8%. The preparation gave a single band with an Mr of 45,000 on SDS-PAGE. The native enzyme contained 2 mol of pyridoxal phosphate/mol of enzyme, and had an Mr of 90,000 on gel filtration, indicating a dimeric structure. Several other properties of the enzymewere also studied. reported that affinity chromatography on a Sepharose gel with L-aminocarboxylic acid residues as a ligand (L-adsorbent) was very effective for purification of SHMT from the cytosolic and mitochondrial fractions of rat liver5) and maize seedlings.6) With our interest in catalyzing the cleavage of /?-hydroxyamino acids, we also found that the enzymes from the cytosolic and mitochondrial fractions of rat liver5) and maize seedlings6) were able to decompose L-allothreonine, but not L-threonine.
L-adsorbent. Through this procedure the cytosolic enzyme (s-SHMT) was purified 420-fold with a yield of more than 26.8%. The preparation gave a single band with an Mr of 45,000 on SDS-PAGE. The native enzyme contained 2 mol of pyridoxal phosphate/mol of enzyme, and had an Mr of 90,000 on gel filtration, indicating a dimeric structure. Several other properties of the enzymewere also studied. reported that affinity chromatography on a Sepharose gel with L-aminocarboxylic acid residues as a ligand (L-adsorbent) was very effective for purification of SHMT from the cytosolic and mitochondrial fractions of rat liver5) and maize seedlings.6) With our interest in catalyzing the cleavage of /?-hydroxyamino acids, we also found that the enzymes from the cytosolic and mitochondrial fractions of rat liver5) and maize seedlings6) were able to decompose L-allothreonine, but not L-threonine.
Recently we7) found high activity of SHMT in Euglena gracilis z. This paper reports a simple purification process of cytosolic SHMT (s-SHMT) from Euglena gracilis z using affinity chromatography with an ladsorbent together with the characterization of the enzyme, and in detail the effects of 2243 various amino acids and their analogues on the activities of the enzyme. The accompanying paper describes the results of studies on the mechanism of action of the s-SHMT upon L-allothreonine and L-threonine based on the visible spectra of the enzyme with L-allothreonine and L-threonine. Step 2. Ammonium sulfatefractionation. Solid ammonium sulfate precipitate fraction (30 to 60%saturation) of the enzyme solution of step 1 was dissolved in 50ml of 20mM phosphate buffer (pH 6.8) containing 1mM
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EDTA, 1 mM/?-mercaptoethanol, 10/im DIFP, and 20/m PLP, and then dialyzed for one day against three changes of 2 1 each of the same buffer. The dialyzed solution was centrifuged and the precipitate was discarded (enzyme solution of step 2).
Step 3. Chromatography on DEAE-cellulose. The dialyzed enzyme solution was put on a DEAE-cellulose column (2.5x40cm) that had been equilibrated with 20mMphosphate buffer (pH 6.8) containing 20[M PLP, 1 mMEDTA,and jS-mercaptoethanol. The column was The sample used was obtained at step 2. The flow rate was 50 ml/hr. Fractions under the bars were pooled: , 28o; à"» enzyme activity (units/ml); , gradient of potassium phosphate. Step 4 Enzyme assays. The cleavage of L-threonine and lallothreonine into glycine and acetaldehyde was measured by assaying acetaldehyde by the method reported previously.5'6) Onthe other hand, cleavage of L-serine was assayed by measuring 5, 10-methylenetetrahydrofolate as described by Ogawaand Fujioka,1^in a reaction mixture containing 5, 1 0-methylenetetrahydrofolate dehydrogenase and NADP+. The formation of NADPH was measured by the increase in absorbance at 340nm. The assay mixture (final volume, l ml) contained 0.2mM (+)-L-tetrahydrofolate, 10 mM/?-mercaptoethanol, 20mM L-serine, 1.4 mMNADP+, 0.5 IU of 5, 10-methylenetetrahydrofolate dehydrogenase, 20fiM PLP, 10mMphosphate buffer (pH 6.8) and an appropriate amount of enzyme. One unit of (1 x 35cm). Fraction I was put on and 2-ml fractions of eluate were collected at a flow rate of lOml/hr: enzyme activity (units/ml);
, gradient of potassium phosphate.
enzymeactivity was defined as the amount that produced 1.0/miol of product/min at 37°C. Specific activity was expressed as units per mgenzymeprotein.
Molecular weight estimation. The apparent molecular weight of the enzyme was measured by gel filtration chromatography as described by Andrews.12) A mixture of the s-SHMTand several marker proteins was put on a Sephadex G-200 column (2.5 x95cm) which had been equilibrated with 20mM phosphate buffer (pH 6.8) containing 20fM PLP and 0.2mM EDTA. The column was developed with the same buffer and fractions of 1.0ml were collected. The elution volume of the s-SHMT was measured by monitoring the enzyme activity, and those of marker proteins by monitoring the absorbance at 280nm. A calibration curve was obtained by plotting the logarithm of the molecular weight against the relative elution volume of each marker protein.
Polyaerylamide gel electrophoresis.
SDS-polyacrylamide gel electrophoresis was done by the method of Weber and Osborn13) using 10 and 7.5% acrylamide gel. Protein on the gel were stained with Coomassie brilliant blue R-250.
PLP content in holoenzyme. The amounts of PLP bound to the enzymes were measured by the method of Wada and Snell.14) The s-SHMT was dialyzed against 10mM phosphate buffer (pH 7.2) and mixed with 2% phenylhydrazine in 1 MH2SO4. After removing the denatured protein by centrifugation, the absorbance of the supernatant solution was read at 410nm. (Fig. 3 ).
Molecular weight and subunit structure The molecular weight of the s-SHMTwas estimated to be 90,000 by gel filtration on Sephadex G-200. The subunit molecular weight of s-SHMT was calculated to be 45,000 by SDS-gel electrophoresis. Thus, the enzyme is composed of two subunits with identical or nearly identical molecular weight. in EtOH-AcOH-H2O (9 : 2 : 9).
Absorption spectrum
The absorption spectrum of the s-SHMT showed protein absorption at 278nm and coenzyme absorption at approximately 415 nm. The A218 to^44i5ratios for the enzyme was 10:1 (Fig.  4) .
PLP Content
The PLP content per mol of the s-SHMT pH Optimum The pH optimum of s-SHMT was found to lie at 6.8 in assaying L-allothreonine as substrate.
Substrate specificities andkinetic constants s-SHMTcatalyzed the cleavage of L-serine into glycine and formaldehyde in the presence of tetrahydrofolic acid and PLP, but had no effect on D-serine. The enzyme in addition decomposed both L-threonine and L-allothreonine into glycine and acetaldehyde in the presence of PLP, but other stereoisomers, i.e., D-threonine and D-allothreonine, did not serve as substrates (Table II) . The Kmand Fmax of the enzyme for L-serine, L-threonine, and of Cytosolic SHMTfrom Euglena gracilis z 2247 L-allothreonine are shown in Table III .
Effects of various amino acids and their analogues A number of amino acids and their analogues were investigated for inhibitory effects on the s-SHMT with L-allothreonine as the substrate (Table IV) . Of the amino acids tested, the a-amino acids, L-serine, and L-cysteine, strongly inhibited the s-SHMT, while L-alanine and L-lysine were weak inhibitors.
These amino acids inhibited the s-SHMT competitively.
Their inhibition rates for the s-SHMTactivity increased in the order of glycine > alanine > valine and leucine, and jS-aminoalanine > ornithine > lysine.
We also examined the effects of the /?-substituent groups of amino acids on the enzyme activity. The inhibition rates of these groups increased in the order of -SH> -NH2 >-OH >-H.
jS-Mercaptopropionic acid, as a carboxylic acid, and ethylenediamine, ethanolamine, and /?-mercaptoethanolamine, as amines, did not inhibit the s-SHMT.
Spectra of the s-SHMT in the presence of L-allothreonine and L-threonine The visible absorption spectrum of 1 mg/ml of the s-SHMTwas recorded after the addition of 0.1m L-allothreonine at pH 7.2 (Fig.  5a ).
The spectrum showed a peak of L-allothreonine bound to PLP at 415nm, and after the removal of acetaldehyde from L-allothreonine, a quinoid intermediate at 505nm. A similar spectrum was obtained for addition of lthreonine to the enzyme (Fig. 5b) . These results show that the s-SHMT does not only cleave L-allothreonine, but also L-threonine into glycine and acetaldehyde.
Discussion
Affinity chromatography involving gel with L-amino carboxylic acid residues as a ligand (L-adsorbent) was excellent for the purification of the cytosolic and mitochondrial SHMT from rat liver,5) and the enzyme from maize seedlings.6) Thus, we supposed that an ladsorbent is useful for the chromatographic purification of SHMTfrom various origins, and in fact it proved the very effect for the purification of the s-SHMT from Euglena gracilis z.
The These experiments indicate that the aldol cleavage of L-allothreonine and L-threonine, and the tetrahydrofolate-dependent interconversion of L-serine and glycine are catalyzed by s-SHMT from Euglena gracilis z, and that neither SHMTnor the two aldolase activities can be separated from one another, suggesting that one enzyme protein supports the three enzymeactivities.
There are several apparently discordant reports about the identification of SHMT,lthreonine aldolase, and L-allothreonine aldolase. Earlier studies reported occurrence of two distinct enzymes in sheep liver19) that catalyze respectively the cleavage of L-threonine and of L-allothreonine.
Stocklein and Schmidt20) also
showed that SHMT with L-allothreonine aldolase activity and L-threonine aldolase in Clostridium pasteurianum were readily separated by ion exchange.
In addition, Ogawaand Fujiokall) showed that both cytosolic and mitochondrial SHMT of rat liver were devoid of L-threonine aldolase activity, although L-allothreonine was cleaved by the enzymes and also indicated that SHMT could not be separated from L-allothreonine aldolase; this is in accord with the conclusions of our previous study.5) Furthermore, we21) reported evidence that L-threonine aldolase activity was absent in any cell extracts of the mammalian, bird, and fish livers and higher plant seedlings while L-threonine aldolase activity was detected in somebacteria such as Pseudomonas sp22) and Clostridium pasteurianum.2Ô n the other hand, Schirch and Gross have published evidence that a single enzyme in rabbit liver catalyzes SHMT, L-threonine aldolase, and L-allothreonine aldolase activities; these results are in accord with the conclusions of the above-mentioned present study.
The results of the effects of various amino acids on the activity of the s-SHMT (Table IV) suggested that the inhibition of the enzyme was affected by the length of the (-CH2-) group Purification of Cytosolic SHMTfrom Euglena gracilis z in the inhibitor, the inhibition decreasing with increases in the length of the (-CH2-) group.
The results of the effects of the /?-substituent groups in amino acids on the enzymeactivities indicated that hydrophilic groups such as -SH, -NH2, and -OH caused inhibition, while -COOH and (-CH2-) groups did not inhibit the activity.
Another interesting finding was that when the s-SHMTwas mixed with a saturating level 
